Introduction {#S0001}
============

Renal cell carcinoma (RCC) is a common malignant tumor of the urinary system, which represents about 2--3% of adult malignant tumors \[[@CIT0001], [@CIT0002]\]. Every year about 100,000 patients die of RCC in the world. About one in three patients with RCC has metastasis \[[@CIT0003]\]. Moreover, there are still 20--30% patients having metastasis after radical surgery \[[@CIT0004], [@CIT0005]\]. Renal carcinoma cells are not sensitive to radiotherapy and chemotherapy. Haishengsu (TG-1) is an anti-tumor polypeptide extracted from *Tegillarca granosa* Linnaeus. Previous studies revealed that TG-1 could induce apoptosis of K562 leukemia cells and had a clear anti-tumor effect on ascitic tumor cells \[[@CIT0006], [@CIT0007]\]. The combined use of TG-1 with conventional immunotherapy elevated remission rates in patients with advanced renal cell cancer and improved the physical functionality of patients \[[@CIT0008]\].

Ki67, a kind of nuclear antigen which is closely related to the cell cycle, is an indicator for the proliferation of cells and has abnormal expression in many tumor cells \[[@CIT0009], [@CIT0010]\]. As a DNA binding protein, Ki67 is expressed in G~1~, S, G~2~ and M phases and is a key component during proliferation of tumor cells. Previous research revealed that the expression of Ki67 is closely related to the grading, staging and prognosis of many tumors. Poor prognosis is very common among patients with high expression of Ki67 \[[@CIT0011]--[@CIT0013]\]. In this study, the effects of TG-1 on renal cell carcinoma OS-RC-2 cells were studied and the Ki67 expression in renal carcinoma OS-RC-2 cells was analyzed. The differentiation and apoptosis of the OS-RC-2 cells induced by TG-1 were measured, which could provide a theoretical basis for the clinical application of TG-1.

Material and methods {#S0002}
====================

Cells and experimental animals {#S20003}
------------------------------

Human renal carcinoma cells (OS-RC-2) were purchased from Shanghai Life Science Research Institute of the Chinese Academy of Sciences. SPF nude mice, male and female mice were supplied by Shanghai Slack Experimental Animals Limited Liability Company, and the mean weight of the animals was 20 ±3 g. All animal experiments were conducted according to the ethical guidelines of Qingdao University.

Reagents {#S20004}
--------

TG-1 was supplied by the manufacturing laboratory of Qingdao Haisheng Tumor Hospital. New-born calf serum was purchased from Gibco (USA). Fetal calf serum and DMEM medium were purchased from Hyclone. The PR-PCR kit and Annexin V-PE/7-ADD apoptosis test kit were supplied by Promega and Becton Dickinson, respectively. Ki67 primer and the GADPH primer were synthesized by Shanghai Bioengineering Limited Company and Wuhan Boster Bioengineering Limited Company, respectively. The antibody was supplied by Beijing Zhongshan Medicine Preparation Company. FT-207 was supplied by Qilu pharmaceutical factory.

Animal model {#S20005}
------------

Suspensions of mouse renal carcinoma OS-RC-2 cells (10^7^ cells/l) were injected into the mouse by intraperitoneal injection. The ascitic fluid was extracted and diluted with saline, and then was injected into the enterocoella of the mouse again for another passage. The ascitic fluid was extracted again. After being centrifuged and washed by normal saline, the ascetic fluid was inoculated into the forelimb armpit (10^9^/l, 0.2 ml per animal). The animals were then randomly divided into a negative control group, a positive control group (FT-207) and experimental groups (anti-tumor polypeptide), respectively. The experimental groups were further divided into 3 groups by administering different concentrations of TG-1 (125 mg/kg, 250 mg/kg and 500 mg/kg) respectively. There were 8 mice in each group. The animals in the positive control group were administered Tegafur (FT-207, 110 mg/kg), and those in the negative control group were administered normal saline. Animals in all groups were administered treatments for 25 days \[[@CIT0014]\].

Tumor inhibitory rate {#S20006}
---------------------

After 25 days of administration, the tumors were isolated and weighed. Then the tumor inhibitory rate was measured. Tumor inhibitory rate = (weight of tumors in negative control group-weight of tumors in experimental group)/weight of tumors in negative control group.

Transmission electron microscopy (TEM) {#S20007}
--------------------------------------

The tumors were cut into pieces 1.5 mm × 2.0 mm. The specimens were fixed in 40 g/l glutaraldehyde and then in 10 g/l osmium tetroxide solution. The fixed specimens were dehydrated in a series of alcohol solutions, and then were embedded with epoxy resin. The samples were stained by uranyl acetate and lead citrate before observation.

Flow cytometry {#S20008}
--------------

Suspensions of mouse renal carcinoma OS-RC-2 cells were centrifuged and washed by cold PBS 2 times. The 7-ADD dye liquor (5 µl) was mixed with binding buffer (5 µl), and then added into the suspensions of mouse renal carcinoma OS-RC-2 cells (10^6^ cells/l). The reaction lasted for 5-15 min in the dark at room temperature. The mixture of binding buffer (450 µl) and Annexin V-PE (1 µl) was then added and kept for 5--15 min. Finally, the apoptosis of renal carcinoma OS-RC-2 cells was measured using flow cytometry at 488 nm.

Real-time polymerase chain reaction {#S20009}
-----------------------------------

Total RNA of the tumor was extracted using Trizol, and the RT-PCR experiment was performed according to the requirement of the kit. The products were electrophoresed in 15 g/l Sepharose gel and scanned for absorbance with Quantity-one. The expression of the Ki67 gene was showed by A~ki67~/A~GADPH~. Ki67 primers were 5'-ACTTGCCTCCTAATACGCC-3' and 5'-TTACTACATCTGCCCATGA-3'; primers of the internal standard (GADPH) were 5′-ACTGCCACCCAGAAGACT-3′ and 5′-GCTCAGTGTAGCCCAGGAT-3′.

Immunohistochemistry {#S20010}
--------------------

Sections cut from the paraffin blocks were deparaffinized and treated in Tris-EDTA solution at pH 9.0 to retrieve antigens. After peroxidase blocking reagent treatment, the anti-mouse primary antibodies were applied and incubated at 4°C for 12 h. After rinsing PBS at the end of incubation, goat anti-rabbit secondary antibodies were applied. The slides were incubated at room temperature for 30 min before being treated with SABC chromogen at room temperature for 5 min. The slides were incubated at room temperature for another 30 min before being treated with DAB chromogen at room temperature for 5 min. Finally, the slides were rinsed again and stained with hematoxylin.

Statistical analysis {#S20011}
--------------------

SPSS 17.0 software was used for data analysis and statistics. The data are shown as ± SD. Analysis of variance was used to evaluate statistical differences between groups. The χ^2^ test was used to evaluate the difference between the enumeration data of different groups. A statistically significant difference was assumed for *p* \< 0.05.

Results {#S0012}
=======

Effects of TG-1 with different concentrations on the growth inhibition rate of tumor OS-RC-2 cells {#S20013}
--------------------------------------------------------------------------------------------------

To determine the effect of TG-1 on the renal metastatic OS-RC-2 cells, the cells were treated with increasing dosages of TG-1 (125 mg/kg, 250 mg/kg, or 500 mg/kg, respectively). The cells treated with medium only served as the control. FT-207, a clinical anti-cancer drug, was used as a positive control in this study. After being treated with different doses of TG-1, the tumor weights in the FT-207 group and experimental groups (TG-1 125 mg/kg, TG-1 250 mg/kg, or TG-1 500 mg/kg) were smaller than those in the negative medium control group. The anti-tumor effects of TG-1 using 250 mg/kg were the best in the experimental group ([Figure 1](#F0001){ref-type="fig"}, [Table I](#T0001){ref-type="table"}). These results suggest that TG-1 could inhibit the growth of the renal metastatic cells, with a best working concentration of 250 mg/kg.

![Tumor weight of each group with different concentrations of the polypeptide. Control, the negative control in which the cells were treated with DMEM only. The cells were treated with increasing dosages of TG-1 (125 mg/kg, 250 mg/kg, or 500 mg/kg, respectively). FT-207, a clinical anti-cancer drug, was used as a positive control in this study. The tumor weights of animals in each group were measured](AMS-11-25585-g001){#F0001}

###### 

Inhibitory and apoptosis rate of renal metastatic tumor OS-RC-2 with different concentrations of the protein polypeptide (X ± SD, *n* = 8)

  Groups             Tumor quality \[g\]   Tumor inhibition rates   Apoptosis rates
  ------------------ --------------------- ------------------------ -----------------
  Control            1.60 ±0.38            --                       0.09 ±0.02
  FT-207             0.56 ±0.10\*\*        0.65                     0.53 ±0.04
  TG-1 (125 mg/kg)   0.88 ±0.15\*\*        0.45                     0.16 ±0.04\*
  TG-1 (250 mg/kg)   0.71 ±0.12\*\*        0.56                     0.31 ±0.07\*\*
  TG-1 (500 mg/kg)   0.76 ±0.08\*\*        0.52                     0.22 ±0.08\*

p \< 0.05, p \< 0.01 vs. the control group (cells treated with DMEM).

TEM examination of renal carcinoma OS-RC-2 cells {#S20014}
------------------------------------------------

To determine the changes in cytoplasm and nucleus of the renal metastatic cells, we performed TEM examination. The cells treated with medium only served as the control group. In the control group, the tumor cells had a large volume, light electron density, oval nucleus, chromatin without edge clustering and many mitochondria ([Figure 2](#F0002){ref-type="fig"}). In the groups administered FT-207 at 250 mg/kg, the volume of the tumor cells was much smaller, surrounded by a large amount of gelatinous fibers. The electron density of the cells became stronger. The nucleus was atypical and the pyknotic chromatin exhibited the edge clustering phenomenon. Some mitochondria exhibited empty bubbles. These results suggest that TG-1 could promote apoptosis of renal metastatic cells.

![Apoptosis of renal carcinoma OS-RC-2 by TEM. Control, cells treated with DMEM only. FT-207, a clinical anti-cancer drug, was used as a positive control in this study. The cells were also treated with TG-1 (250 mg/kg)](AMS-11-25585-g002){#F0002}

Apoptotic effects of TG-1 with different dosages in renal metastatic cells {#S20015}
--------------------------------------------------------------------------

To determine the apoptosis rate of TG-1 with different dosages in renal metastatic cells, we performed flow cytometry. As shown in [Figure 3](#F0003){ref-type="fig"} and [Table I](#T0001){ref-type="table"}, the effects of the FT-207 group and experimental groups (TG-1 125 mg/kg, TG-1 250 mg/kg, or TG-1 500 mg/kg) with different concentrations of TG-1 on the apoptosis of renal carcinoma OS-RC-2 cells were all significantly better than those of the negative control group (control) (*p* \< 0.05), and the group administered 250 mg/kg TG-1 was the best (*p* \< 0.01). These results suggest that TG-1 could promote the apoptosis of renal metastatic cells.

![Apoptosis rate of transplant tumor OS-RC-2 with the polypeptide by flow cytometry. Control, cells treated with DMEM only. FT-207, a clinical anti-cancer drug, was used as a positive control to treat cells in this study. The cells were treated with TG-1 (125 mg/kg, 250 mg/kg, or 500 mg/kg, respectively)](AMS-11-25585-g003){#F0003}

Effects of TG-1 on expression of Ki67 mRNA {#S20016}
------------------------------------------

To determine the expression of Ki67 mRNA, we performed RT-PCR to determine the changes. The expression of Ki67 mRNA in the FT-207 group and the experimental groups (TG-1 125 mg/kg, TG-1 250 mg/kg, or TG-1 500 mg/kg) was less than that of the negative control group (control) (*p* \< 0.01), as shown in [Figure 4 A](#F0004){ref-type="fig"} and [Table II](#T0002){ref-type="table"}. These results suggest that TG-1 could inhibit the expression of Ki67 mRNA.

![RT-PCR detection of Ki67 mRNA and immunohistochemical staining for caspase-3 of the samples. **A** -- Ki67 mRNA expression of transplant tumor OS-RC-2 treated with DMEM, FT-207, TG-1 (125 mg/kg, 250 mg/kg, or 500 mg/kg, respectively). Ki67 mRNA levels were measured by PT-PCR. GAPDH served as a control. **B** -- Immunohistochemical staining for caspase-3 of the samples (400×). The positive reaction of the caspase-3 antigen showed brown particles in the nucleus and/or cytoplasm](AMS-11-25585-g004){#F0004}

###### 

Ki67 mRNA levels and caspase-3 protein expression of transplant tumor OS-RC-2 with the protein polypeptide (± SD, *n* = 8)

  Groups             Ki67 mRNA levels                                   Positive rates of caspase-3
  ------------------ -------------------------------------------------- --------------------------------------------------
  Control            0.985 ±0.024                                       0.396 ±0.324
  FT-207             0.417 ±0.038[\*\*](#TF0002){ref-type="table-fn"}   0.864 ±0.441[\*\*](#TF0002){ref-type="table-fn"}
  TG-1 (125 mg/kg)   0.775 ±0.054[\*\*](#TF0002){ref-type="table-fn"}   0.454 ±0.374[\*](#TF0001){ref-type="table-fn"}
  TG-1 (250 mg/kg)   0.521 ±0.027[\*\*](#TF0002){ref-type="table-fn"}   0.639 ±0.425[\*\*](#TF0002){ref-type="table-fn"}
  TG-1 (500 mg/kg)   0.539 ±0.034[\*\*](#TF0002){ref-type="table-fn"}   0.545 ±0.361[\*](#TF0001){ref-type="table-fn"}

p \< 0.05,

p \< 0.01 vs. the control group.

Expression of caspase-3 in renal carcinoma OS-RC-2 cells after treatment with TG-1 {#S20017}
----------------------------------------------------------------------------------

To determine the expression of caspase-3 in the renal carcinoma OS-RC-2 cells, we performed immunohistochemistry. The positive reaction of the caspase-3 antigen showed brown particles in the nucleus and/or cytoplasm. Compared with the negative control group (control), there was excessive expression of caspase-3 in the experimental group using 250 mg/kg TG-1 (*p* \< 0.01), and expression of caspase-3 was also enhanced in the experimental groups using 125 mg/kg and 500 mg/kg TG-1, and the FT-207 group (*p* \< 0.05) ([Figure 4 B](#F0004){ref-type="fig"} and [Table II](#T0002){ref-type="table"}). These results revealed that TG-1 could induce apoptosis of the tumor cells by inducing the expression of caspase-3.

Discussion {#S0018}
==========

A previous study indicated that the combined use of TG-1 with conventional immunotherapy can increase the remission rates in RCC patients \[[@CIT0008]\]. In this study, we first established an *in vitro* mouse renal metastatic tumor model. By using this animal model, we further analyzed the effects of TG-1 with increasing dosages on RCC tumors and compared the effects of TG-1 with a control FT-207. FT-207 is a currently available anti-cancer drug in clinics. By measuring the weight of tumors in animals treated with different dosages and FT-207, we found that a dose of 250 mg/kg might be the best dosage. Such a finding of the TG-1 dosage might be helpful for the following clinical trials. The reason that 500 mg/kg was less effective than 250 mg/kg might be that a high dosage such as 500 mg/kg may affect the unknown cellular signaling pathway and thus induce more side-effects. All dosages of TG-1 and FT-207 treatments resulted in more obvious effects than the medium control treatment, which suggested that our animal model and the treatments are suitable for this and future research. These results were also supported by the microstructural changes of renal carcinoma OS-RC-2 cells by using transmission electron microscopy.

Apoptosis is the independent and orderly death of cells under regulation of a series of genes, and is also known as programmed cell death (PCD). There are mainly two apoptotic pathways: one is to activate various caspases through extracellular signals; the other is to activate caspase through the release of activating factors in mitochondria. Activated caspases (mainly caspase-3) could degrade related proteins and then induce apoptosis of the cells. In the caspase family, caspase-2, 8, 9 and 10 belong to the upstream, and caspase-3, 6 and 7 belong to the downstream. Caspase-3/7 \[[@CIT0015], [@CIT0016]\] could activate the common pathway of cell apoptosis by activating DNase, which digests DNA into small fragments. Caspase-3 protease is a core enzyme of apoptosis, participating in apoptosis. Caspase-3 protease also plays a pivotal role in the midstream and downstream of the apoptosis signaling pathways mediated by Fas. The quantity of activated caspase-3 is crucial to the apoptosis of the cells. Caspase-3 could digest poly-ADP-ribose polymerase (PARP), leading to fragmentation of DNA, promoting degradation of cells and forming the apoptotic body \[[@CIT0017]--[@CIT0019]\]. Observation of the expression of caspase-3 could help understand the apoptotic degree of the cells. In this study, in the TG-1 treatment groups, the caspase-3 protein expression was significantly increased. Obvious nuclear condensation and nuclear chromatin condensation were shown by the electron microscopy. And flow cytometry showed that TG-1 treatment group was significantly apoptosis, which was confirmed by its promotion of the expression of the caspase-3 protein.

Li *et al*. \[[@CIT0020]\] reported that the expression of Ki67 and caspase-3 protein presents a negative correlation with each other in carcinoma of the vulva. The same relationship of the expression of Ki67 and caspase-3 protein in prostatic tumor was also reported \[[@CIT0021], [@CIT0022]\]. The appearance of the tumors is closely related with the extensive expression of the Ki67 protein and the inhibition of the caspase-3 protein. Poor prognosis is very common among patients with high expression of Ki67 \[[@CIT0011]--[@CIT0013]\]. In this study, we found that TG-1 inhibited the expression levels of Ki67 mRNA in RCC cells when compared with the FT-207 treated cells. However, the relationship between the decreased Ki67 mRNA expression and the increased caspase-3 protein expression in the TG-1-treated cells is still not clear, which will be studied in the future. In addition to the Ki67 and caspase-3 determined in the present study, it was recently reported that some patient behavior factors such as alcohol intake and valproic acid usage also affect the risk of RCC in patients \[[@CIT0023], [@CIT0024]\].

In conclusion, in this study, it was found that the polypeptide TG-1 induces high expression of the caspase-3 protein and induces apoptosis of tumor cells. TG-1 also inhibited expression of the Ki67 protein, which may be related to decreased proliferation of the tumor cells. This study provides a theoretical basis for the clinical application of the anti-tumor polypeptide TG-1.
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